Annual genetic trends and selection differentials for 305-day milk yield (305MY), age at first calving (AFC), and first calving interval (FCI) were estimated by four selection paths [sires of bulls (SB), dams of bulls (DB), sires of cows (SC), and dams of cows (DC)] for Girolando dairy cattle in Brazil. A total of 12,739 lactation records were obtained from the Brazilian Girolando Breeders Association with cows calving in the period from 2000 to 2011. Two periods were involved: the first, from 1979 to 1996, corresponding to the formation and expansion of the herd, and second, from 1997 to 2007, characterized by the implementation of the breeding program of the Girolando breed. The whole period from 1979 to 2007 was also considered. The Wombat program was used to fit an animal model for the analyses. Estimated breeding values were extracted to calculate genetic trends for the four selection paths. Greater significant estimates of annual genetic changes for 305MY were obtained for the SC and SB paths, being both during the second period. The greatest annual genetic change estimates for 305MY were 43.06 and 101.97 milk/ yr for SC and DB, respectively, during the second period. A favorable genetic response was found for the SB and SC paths for AFC, averaging À 4.24 (second period) and À 0.32 day/yr, respectively. For FCI, this effect was from 0.04 to 0.18 range for all paths. When all selection paths were combined, estimated annual genetic changes for 305MY and AFC were 7.40 milk/yr and À 0.13 day/yr. Therefore, the results of this study showed that a well-designed genetic program has a positive impact on 305MY and AFC and a little or without impact on FCI in Girolando cattle over a 28-yr period.
The dairy industry makes a substantial contribution to Brazilian agribusiness, and the majority of the milk produced comes from Girolando cows. This breed is able to maintain high levels of performance in different management systems and tropical environments due to its rusticity and adaptability.
In 1989, a program was implemented to create the Girolando breed, aiming the improvement of milk production. The new breed was created by crossing the Gyr and Holstein breeds, reaching the hybrid at 5/8 Holstein and 3/8 Gyr. The first progeny test was performed in 1997 in partnership with Embrapa (Empresa Brasileira de Pesquisa Agropecuária, Brazil) and 13 annual evaluations have been conducted (Silva et al., 2012) . Currently, more than 400,000 doses of semen from Girolando bulls have been sold, and the 305-day milk yield of primiparous cows has increased from 3,657 kg in 2000 to 4,233 kg in 2011, resulting in an increase of 15.7% of milk production (Silva et al., 2012) . Moreover, the average of age at first calving and first interval calving is around of 35.1 months and 435 days, respectively (Silva et al., 2012) .
In any genetic improvement program, there is the need of tracking the results to evaluate their progress, to make adjustments aiming to optimize genetic gain, and to increase farm profitability in the future. One of the ways to perform such monitoring is through the assessment of genetic trends over time, which evaluates the changes brought by the selection process (Silva et al., 2001) . A genetic trend is defined as a change in performance per unit of time due to change in mean breeding value and it is derived by comparing the average levels in the cow populations for each year. The understanding of trends in genetic progress will help future genetic direction to be established by definition of specific goals for breeding a profitable and sustainable dairy herd (Missanjo et al., 2012) .
In Brazilian tropical dairy cattle, some researchers have studied genetic trends for milk and composition traits (Gyr: Balieiro et al., 2000; Mantiqueira Ecotype: Silva et al., 2001; Brown Swiss: Araújo et al., 2003; Holstein: Boligon et al., 2005 and Ferreira et al., 2006; Guzerat: Peixoto et al., 2006) and fertility traits (Gyr: Balieiro et al., 1999 and Santana Júnior et al., 2010; Murrah Buffalo: Ramos et al., 2006) . For example, Ferreira et al. (2006) , reported a genetic trend of 6.71 kg of milk yields per year for Holstein breed when all paths of selection were combined, while Santana Júnior et al. (2010) reported a genetic trend of À 0.018/month for age at first calving per year for Gyr dairy cattle. However, the genetic trend for milk yield and fertility traits in the Girolando breed has not been evaluated yet. Therefore, the aim of this study was to estimate the genetic trends and selection differentials for milk yield, age at first calving, and first calving interval for the four selection paths in Girolando cattle from Brazil.
Material and methods

Data
Data of standard 305-day milk yield (305MY), age at first calving (AFC), and first calving interval (FCI) of Girolando primiparous cows calving between 2000 and 2011 was obtained from the Brazilian Girolando Breeders Association in partnership with Embrapa Dairy Cattle -National Dairy Cattle Research Center. The original data set, used in this study, contained 86,863 records of milk yield from Girolando primiparous cows. Prior to the analysis, this data set was subjected to a number of limiting restrictions relevant to each trait: for instance, animals with 305-day milk yield greater than 20,000 kg, age at first calving lesser than 700 days, or longer than 1650 days, first calving interval lesser than 300 and greater than 730 days, and lactation length lesser than 100 and greater than 730 days were excluded from the data set. Additionally, appropriate contemporary groups (CG) were determined by the structure of the population to remove variations due to changes in herd environmental conditions over time. For instance, the herd-year of calving was used to determine CG for 305MY and FCI traits, while the herd-year of birth for AFC, and only CG with at least three records and daughters from at least two sires per group were used and only CG with at least three records and daughters from at least two sires per group were used. The calving and birth months were grouped into two seasons: October to March (warm and rainy season) and April to September (dry season). After data editing, the data were composed by 12,739 records for 305MY and AFC, and 6246 records for FCI, measured in primiparous cows from 350 herds, and daughters of 1597 sires and 10,508 dams. Records of cows were from six genetic groups 1/ 4HOL:3/4GYR, 3/8HOL:5/8GYR, 1/2HOL:1/2GYR, 5/8HOL:3/8GYR, 3/4HOL:1/4GYR, 7/8HOL:1/8GYR, which presented a mean of 3963 71840 kg for 305MY, 1071 7186 days for AFC, and 436 793 days for FCI, respectively.
The pedigree file included 33,623 animals, being 3780 sires, 18,320 dams, and 11,523 cows without progeny. Animals in the pedigree file were born between 1979 and 2009 including purebred Holstein (HOL) and Gyr (GYR) besides of Girolando cattle.
Model and analysis
Models to analyze 305MY and FCI included fixed effects of CG (herd-year-season of calving), calving season, genetic group of cow, and linear and quadratic terms of calving age as covariate, while for AFC, the fixed effects were GC (herd-year-season of birth), birth season, and genetic group of cow. Moreover, animal was included as random effect in the models for all traits. The Wombat software (Meyer, 2007) was used to estimate (co) variances, heritability, genetic correlations and their standard errors, and the estimated breeding values (EBV).
The uni-trait animal model was fitted to estimate variance components and heritability, separately for each trait, while bitrait animal models were used to estimate genetic correlations among traits. In matrix notation, the animal model was:
where y is the vector of records for 305MY, AFC, and FCI; β is the vector of fixed effects defined above, u is the vector of random animal effect, including animals without records; e is the vector of random residual effects, e $ NID (0, σ e 2 ); and X and Z are incidence matrices assigning observations to fixed and random animal effects, respectively. The first and second moments of the model were:
where G 0 and R 0 denote as the matrices of order 2 Â 2, containing the additive genetic and residual variance components, respectively. A is the numerator relationship matrix among individuals to be evaluated, I denotes the identity matrix, and ⊗ denotes the Kronecker operator among matrices.
Selection differentials (I) were obtained for each selection path (sires of bulls (SB), sires of cows (SC), dams of bulls (DB), and dams of cows (DC)). They were computed (by year) as the difference between the mean of EBV of each selection path and the mean of EBV for all cows (with or without phenotypes) born during the same year, as proposed by Van Tassell and Van Vleck (1991) . Two different means of EBV were calculated for the SB and SC paths: a) mean of EBV weighed by the number of progeny and b) mean of EBV unweighted. For DB and DC, paths were calculated only by the mean of EBV unweighted. According to Nizamani and Berger (1996) , the weighed mean was interpreted as a representative measure of the merit of sires or dams used as parents of bulls or cows. The unweighted mean provided an estimate of the genetic merit of the sires or dams that were available for breeding.
Genetic trends were studied by averaging the EBVs of 305MY, AFC, and FCI within year of birth and regressing these values for year of birth, giving the annual genetic change (ΔG). Weighed and unweighted means were used for all four selection paths to account for different sire usage during each birth year. The ΔG for 305MY, AFC, and FCI was estimated by using the regression estimates of Van Tassell and Van Vleck (1991) .
SB DB SC DC
where b EBV is the estimated regression of EBV for each of the four selection paths at year of birth T. The standard errors of ΔGs were obtained by averaging the standard error of each of the four paths of selection, as suggested by Nizamani and Berger (1996) .
Selection differentials and annual genetic trends for all traits were estimated over all years from 1979 to 2007 and for the two defined periods of the overall trend. The first period, from 1979 to 1996, corresponding to the formation and expansion of the herd, and the second period, from 1997 to 2007, characterized by the implementation of the breeding program of the Girolando breed.
Results and discussion
Heritabilities and genetic correlations
The estimated heritabilities, phenotypic and genetic correlations are shown in Table 1 . The heritability estimated for 305MY was within the range of values reported (0.19-0.37) for crossbred Holstein Â Gyr in Brazil (Facó et al., 2007; Facó et al., 2008; Facó et al. 2009 ). However, the heritability estimated for AFC was lower than those reported by Facó et al. (2008) for this breed. The heritability estimated for FCI was low and in agreement with the values reported by Balieiro et al. (2003) for Gyr cattle. Antagonistic genetic correlation of 0.51 was found between 305MY and FCI. The genetic correlation between 305MY and AFC was favorable ( À 0.69), suggesting that daughters from bulls with high genetic merit for milk production tend to have greater sexual precocity. Therefore, selection for increased milk production would result in a correlated increase of early sexual maturity for heifers. The greatest phenotypic correlation was observed between AFC and 305MY ( À 0.28).
Breeding values and selection differentials
The number of animals in each of the four different selection paths (sires of bulls (SB), dams of bulls (DB), sires of cows (SC), and dams of cows (DC)) are shown in Fig. 1 . It is highlighted that the increase in the number of sires of bulls (SB) with the beginning of progeny test in Girolando, established in 1997 (Silva et al., 2012) , indicates the importance of this action to the animal selection procedures in the Girolando dairy cattle. Means of EBV by year of birth from different pathways for 305MY, AFC, and FCI are shown in Figs. 2-5, whereas the annual genetic selection differentials for each selection path are reported in Table 2 .
The selection differentials had no clear direction (Table 2 ). In the evaluation of a national recording scheme with many contributing breeders, the lack of a unified breeding objective would result in reduced cumulative selection differentials (Matjuda et al., 2014) .
The comparison of the weighted and unweighted selection differentials (Figs. 2 and 4) provides insight into joint effects of natural (or undirected) and intended selection (Koch et al., 1994) . Their ratio gives an indication of the effect of natural or intended selection on fertility of sires (SB and SC) in a population (Table 2 ). Ratios greater than 1.0 indicate that animals with higher EBV have more progeny, with the magnitude of the ratio indicating the relative strength of natural versus imposed selection (Koch et al., 1994) .
The ratios of weighted to unweighted selection differentials for traits indicated some harmony between the selection imposed by the breeders and natural selection in SB than in SC.
Sires of bull path
The annual mean of EBV for 305MY showed a negative tendency throughout the period in this study, and with significant variations among years ( Fig. 2(a) ). The greatest values were recorded in 1984, 1991, and 1994 (in the first period) and 1998 (in the second period). Meanwhile, no clear pattern was observed for AFC and FCI (Fig. 2(b) and (c)). The weighed and unweighted means were similar during all periods within the three traits Nizamani and Berger (1996) reported an increasing trend in the mean of EBV for milk yield of Holstein and Jersey herds in the United States. However, Silva et al. (2001) and Ferreira et al. (2006) showed no clear tendency of EBV for milk yield for, respectively, Mantiqueira and Holstein herds, both in Brazil. The selection differentials for 305MY was greater during the first period than the whole period, averaging 84 and 99 kg for weighed and unweighted means, respectively. A similar tendency was reported by Silva et al. (2001) for Mantiqueira herds. The lower ratio than 1.0 (weighted to unweighted selection differentials) during the first period indicated that animals with lower EBV for 305MY were used more intensively by farmers. The selection differential for AFC was similar, but small and negative, for FCI throughout the period in this study (Table 2 ). For the SB selection path, ratios of weighted to unweighted selection differentials for most traits and period indicated some harmony between the selection imposed by the breeders and natural selection.
Dams of bull path
The annual mean of EBV for 305MY in the first period, from 1979 to 1996, was lower than the mean of all cows born during the same year (base population). However, since 1997 this value has tended to increase significantly, reaching the highest value in 2003 (Fig. 3(a) ). A similar tendency was observed in the DB path by Silva et al. (2001) 2003 ( Fig. 3(b) ). For FCI, the value was close to the mean of the base population during the first period, except in 1980, but, in the last years of the second period, it tended to increase ( Fig. 3(c) ). The selection differential for 305MY in the DB path during the second period was approximately five times greater than overall (214.55 vs 40.56, respectively), and it was much greater than those obtained by other selection paths (Table 2) , indicating stronger selection for 305MY through this pathway. This result may be attributed to the high availability of cows after the beginning of genetic evaluations, allowing the selection of high genetic merit cows as potential dams of bulls, as evidenced by Silva et al. (2001) .
The selection differential for AFC for this path was favorable during the second period ( À 1.68), suggesting that selection occurred for this trait. In fact, due to the strong selection for 305MY during the second period, cows with high fertility have also been selected; however, this was not evidenced for FCI.
Sires of cow path
The annual mean of EBV for 305MY in this selection path was greater in 1984 and 1996, and it tended to decrease up to 1995 during the first period, from 1980 to 2007 (Fig. 4(a) ). However, during the second period, from 1997 to 2007, there was a slight increase that only turned positive after 2006. No clear pattern for AFC and FCI was verified during the first period, but a sharp drop was observed after 1999 for AFC, and a significant increase for FCI was observed after 2004, both during the second period (Fig. 4  (b) and (c) ). Negative estimates of selection differential for 305MY and FCI for the SC path were detected throughout the period of this study (Table 2 ). However, this estimate was positive for AFC. In general, the weighed and unweighted means of SC path were similar for all traits during all periods studied, except for AFC (Fig. 4) . The higher ratio than 1.0 (weighted to unweighted selection differentials) indicated that animals with higher EBV had more progeny (were used more intensively by farmers). Ratios higher than 1.0 were observed for all periods, but were more expressive in the second period (except for FCI). For the SC, ratios of weighted to unweighted selection differentials for most traits and period not indicated a harmony between the selection imposed by the breeders and natural selection. Fluctuation of the ratios across traits is interpreted to reflect differing relative emphasis resulting from imposed and natural selection, but not conflicting goals with respect to the recorded EBV (Matjuda et al., 2014) (Table 2 ).
Dams of cow path
The annual mean of EBV for 305MY, AFC, and FCI for the DC path tended to small values and close to zero, but were similar to the mean of all cows during the first period, while these values slightly varied during the second period ( Fig. 5(a), (b) , and (c)). During the second period, the means of EBVs for 305MY and FCI tended to increase slightly, but below the mean of all cows, while the mean of EBV for AFC tended to decrease drastically, suggesting that selection occurred for this trait. The obtained small values indicated that the selection for DC was lesser intense than for the others paths, due to the low reproductive rate of dairy cows (Nizamani and Berger, 1996; Silva et al., 2001) . In general, the selection differentials in all traits for this pathway were small and negative (Table 2) ; also, they were in agreement with previous studies that evaluated dairy cattle (Nizamani and Berger, 1996; Silva et al., 2001 ).
Annual genetic trends
The annual genetic trends for 305MY, AFC, and FCI are shown in Table 3 . The majority of the estimates of annual genetic changes were not significantly different from zero, for all selection paths which the genetic trend for 305MY was greater in the second period than the first period and overall. The greater estimates of genetic trends for SB and SC were 27.60 and 43.06 kg milk/yr, respectively, and, for DB and DC, these values were 101.97 and 14.24 kg milk/yr, respectively. These results are greater than 6.22 and 8.17 milk/yr for SB and SC, respectively, reported by Silva et al. (2001) for Mantiqueira breed, but lower than 57.7 kg milk/yr for SB, reported by Ferreira et al. (2006) for Holstein breed, both in Brazil. These rates were also considerably lower than those found for American Jersey and Holstein herds (Van Tassell and Van Vleck, 1991; Nizamani and Berger, 1996) .
The results show that the genetic improvement of 305MY has significantly increased in recent decades, mainly for the SC and DB selection paths (p o0.01 and po 0.05), for Girolando herds in Brazil. In fact, the genetic trend of milk yield for the SC path was 3.9 times greater during 1997-2007 than the response during 1980-2007 and 5.5 times greater for DB. These results suggest that the selection of sires of cows and dams of bulls for milk yield during the last period was more intense than other selection paths. An efficient genetic improvement program could have contributed to these results. Nevertheless, considering the sire and dam unweighted pathways only, the greater annual genetic trends were 15.45 and 18.38 milk/yr, respectively. These values were within the range of some previous reports. Balieiro et al. (2000) reported genetic trends of 19.29 and 10.46 milk/yr for the sire and cow paths, respectively, for the Gyr dairy herd, while Ferreira et al. (2006) reported an estimated value of 15.1 milk/yr for Holstein cows.
The annual genetic estimates for AFC in the weighed SC and unweighted SB paths were significant (p o0.05 and p o0.10), and favorable at À 4.24 and À 5.01 day/yr, respectively, being both for the second period, while no genetic trend was verified for the weighed SB path. Although, DB had a significant annual decrease in AFC ( À 0.32) overall than during the first or the second periods. However, for the DC path, a significant favorable rate was found from 1979 to 1996. The annual genetic trend for FCI Table 2 Estimated average selection differential for 305-day milk yield (305MY), age at first calving (AFC) and first calving interval (FCI) for each path of selection.
Selection pathways 1 1st period (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) 2nd period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) Whole period -1996 for SB, 1979 -1996 for DB and DC, and 1980 -1996 Second ¼ 1997 for SB and DB, and 1997 -2007 Overall ¼ 1983 1979 1980 -2007 for SC and 1979 -2007 for DC. was also significantly favorable in the periods evaluated. Thus, SB and SC showed a significant favorable trend during the first period, in both weighed and unweighted means, while the DC path showed a favorable rate during the first period and an unfavorable trend for second period and overall. The change in the sign and magnitude of the responses during the first and the second periods compared with that of the overall trend suggests that changes in selection goals could have occurred.
In general, the greater favorable genetic response was found for the sire of bull and sire of cow paths for AFC, with little effect for FCI. These results suggest bulls with greater genetic merit for milk yield that were selected during the last decade also had greater genetic merit for reproductive traits, proving that an efficient breeding program and selection indexes that incorporate reproductive with milk production traits would be effective for genetic progress in Girolando herds.
Estimates of annual genetic change and standard errors for 305MY, AFC, and FCI in the Girolando breed by combining all selection paths are presented in the Table 4 . The annual genetic change determined by unweighted mean EBV for all path selection was greater from 1997 to 2007 for milk yield, with 41.42 kg milk/ yr, corresponding to 1.05% of the average milk yield. These results were greater than those reported by Silva et al. (2001) and Ferreira et al. (2006) for the Mantiqueira and Holstein herds in Brazil, respectively, but lower than those reported by Nizamani and Berger (1996) for the US Jersey herds. The greater genetic gain obtained for milk yield during the second period indicates that effective breeding strategies have been used by Girolando producers and it also coincides with the first progeny tests performed by Embrapa breeder scientists.
The estimate of annual genetic change overall was 7.40 kg milk/ yr, corresponding to 0.2% of the average value. According to Rendel and Robertson (1950) , the maximum possible genetic gain in a dairy cattle population with artificial insemination is approximately 1.7% of the average milk yield. This difference is, probably, due to the recent production of the Girolando breed compared with the Holstein breed or other dairy cattle breeds. Moreover, the non-use of breeding values for milk yield as a selection criterion for young bulls may have also contributed to the low genetic progress attained, specially, during first period (Δg ¼1.48 kg).
On the other hand, the genetic change estimate obtained in this study was close to 6.71 and 7.53 kg milk/yr reported by Ferreira et al. (2006) and Silva et al. (2001) for Holstein and Mantiqueira herds, respectively, but lower than 9.51 kg milk/yr obtained by Boligon et al. (2005) for Holstein herds in Brazil.
In relation to AFC, favorable genetic change was found overall ( À 0.13 day per year). This could be attributed to the negative correlation between 305MY and AFC (Table 1) . However, little and unfavorable genetic change was obtained for FCI (0.05 day per year). The genetic change for AFC estimated in this study was greater than 0.008 and À 0.018, which were reported by Balieiro et al. (1999) and Santana Júnior et al. (2010) , respectively, for Gyr dairy cattle in Brazil; however, it was lower than 2.76 reported by Di Croce et al. (2010) , for Holstein in Argentina. The differences compared with other studies may be attributed to differences of breed and environment, specifically for feeding and management. The results found in this study might indicate slight progress in the genetic trend for AFC in the Girolando population, with greater improvement in sires compared to dams (Table 3) . Also, this result might indicate that high merit bulls selected for milk yield can be associated with chromosomal regions including genes that decrease age at first calving. Hyeong et al. (2014) reported some regions associated to AFC in Hanwoo breed. They found many AFC SNP at 25 and 129 MB of BTA 2; at BTA 14, two significant AFC SNPs were detected at 6 Mb and 63 Mb; at BTA 26, they found one AFC SNP at 22 Mb; and at BTA 29, a significant AFC SNP was detected at 12 Mb. Minozzi et al. (2013) In general, the results of this study showed that a well-designed genetic program has a positive impact on milk yield and age at first calving and a negative or no impact on first calving interval for 28 years in Girolando cattle.
In the near future a higher impact is expected on all of these traits (mainly SB and SC selection paths) due to use each made more common choice of animals for its breeding value and the intensification of the use of artificial insemination. Since 2009 there has been a dramatic increase in the number of doses of Girolando semen marketed in Brazil. In 2009, the Girolando semen sales were around 100,000 doses and in 2015 were around 650,000 doses. However, the impact in the period studied may have been small, because the daughters of bulls began to calve in 2012.
Conclusions
Improvements were observed for Girolando herds. Estimates of selection differentials based on the four selection paths show an increase for the selection efficiency for 305MY in the SB and DB pathways during the first and second periods. Greater and significant estimates of annual genetic changes for 305MY were obtained for the SC and SB paths, being both during the second period. Significant and favorable genetic response was found for the SB and SC paths for AFC and little effect for FCI. When all selection paths were combined, estimated annual genetic change was greater during the second period for 305MY and favorable estimates for AFC overall were found.
In general, the results of this study showed that designed genetic program has had a positive impact on milk yield and age at first calving and negative or no impact on first calving interval for 28 years in Girolando cattle.
